A new species of Alteromonas, for which the name Alteromonas colwelliana is proposed, is described. This organism is a gram-negative, marine, aerobic, polarly flagellated rod-shaped bacterium that can grow as filamentous helices, synthesize melanin, and excrete acidic polysaccharide exopolymer . Its deoxyribonucleic acid has a guanine-plus-cytosine content of 46 mol% and less than 20% homology with the deoxyribonucleic acids of other phenotypically related species. The type strain is A . colwelliana LST-W (= ATCC 39565).
A study was conducted in 1977 to examine the mutualistic relationship between autochthonous microorganisms and the eastern oyster, Crassostrea virginica. At that time, a bacterium was isolated from the brackish water habitat of a tank containing oyster larvae. Designated LST, this organism has been shown to contribute to larval settlement (28). Extensive studies have further defined its role in oyster development and in the production and use of marine polysaccharides (7, 26, 27). In this paper are the results of a polyphasic taxonomic analysis of the organism, indicating that it represents a new species of the genus Alteromonas, a genus which includes a diverse array of polarly flagellated, aerobic, marine bacteria. We propose the name Alteromonas colwelliana and designate strain ATCC 39565 as the type strain.
MATERIALS AND METHODS
Bacterial strains. A. colwelliana LST-WT (T = type strain) was isolated from an estuarine aquaculture unit (Lewes, Del., spat tank) containing juvenile oysters.
For the deoxyribonucleic acid (DNA)-DNA hybridization study, test strains included a new marine isolate designated 2-40 and Vibrio cholerae HTX (13) All strains were maintained on marine agar 2216 (30) (Difco Laboratories, Detroit, Mich.) at 25°C unless otherwise indicated.
Growth media. A. colwelliana was aerobically cultivated in marine broth 2216 (30) or brain heart infusion medium amended with 1% (wthol) NaCl (Difco). Utilization of carbon sources was tested in synthetic medium which was composed of 0.5% (wt/vol) NH,Cl, 0.1% (wthol) NH,N03, 0.2% (wthol) Na2S0,, 0.3% (wthol) K2HP0,, 0.1% (wthol) KH,PO,, 1.0% (wthol) NaCl, 0.01% (wthol) Mg,SO, -7H20, 0.4% (wt/vol) MgC1, . 6H20, and 1.5% (wthol) purified Noble agar (Difco) and contained the compounds * Corresponding author.
tested at concentrations of 0.1%. Salt tolerance was tested on nutrient agar or Casitone agar (Difco) containing appropriate concentrations of NaCI.
Morphological studies. A. colwelliana was directly examined and studied in photomicrographs on Pan X film (Eastman Kodak Co., Rochester, N.Y.) by using a Zeiss I1 photomicroscope equipped with differential interference contrast (numerical aperture, 1.25) and phase-contrast (numerical aperture, 1.32) optics (6). Flagella were examined on cells by using the practical technique of Mayfield and Inness (16). The technique used for preparation of specimens for examination by scanning electron microscopy has been described previously (10, 28) .
Phenotypic study. Routine tests were done as described by Smibert and Krieg (21). Dehydrated media (Difco) were prepared as described by the manufacturer, and 3% sodium chloride was added (final concentration, 3.5%). The pH was adjusted to 7.4 to 7.6. Sugar transport by a phosphotransferase system was tested as previously described (24).
DNA-DNA hybridization. Approximately 10l1 cells, propagated in marine broth 2216, were harvested by centrifugation at 10,000 rpm and were suspended in 5 ml of 25% sucrose-10 mM tris(hydroxymethy1)aminomethane (pH 8). Lysozyme (40 mg) was added, and the suspension was incubated at 37°C for 15 min; then 250 ~1 of a pronase solution (1 mg/ml) was added along with 5 ml of 2% sodium dodecyl sulfate in 0.1 M ethylenediaminetetraacetate (EDTA), and the preparation was incubated for 1 h at 37°C. DNA was subsequently purified by phenol-chloroform and ribonuclease treatment and finally was suspended in 10 mM tris(hydroxymethy1)aminomethane (pH 8)-1 mM EDTA following ethanol precipitation.
The chromosomal DNA was adjusted to a concentration of 500 pg/ml (final volume, 100 kl) with 4 M NaOH (final concentration, 0.4 M). Heat-denatured chromosomal DNA (5 kl) was applied to the B sides of dry Gene Screen Plus nylon membrane disks (diameter, 2.2 cm; New England Nuclear Corp., Boston, Mass.) and air dried. The procedure was repeated until each filter had been loaded with a total of 50 pg of DNA. The nylon membranes were subsequently immersed in 0.4 M NaOH for 1 min, rinsed in 2~ SSC (Ix SSC is 0.15 M NaCl plus 0.015 sodium citrate), and air dried. and subsequently prehybridized at 65°C for 30 min. A .
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ALTEROMONAS COLWELLIANA SP. NOV. 241 Percentages of reassociation were determined by expressing the number of radioactive counts per minute bound to each filter as a fraction of the amount of radioactivity obtained with respect to the homologous reaction, which was made to equal 100%. colwelliana chromosomal DNA (1 pg) was nick translated (17) by using the nick translation kit and protocol supplied by Bethesda Research Laboratories, Inc., Gaithersburg, Md. After the prehybridization buffer was removed, 1 ml of Church buffer containing heat-denatured [32P]deoxycytidine triphosphate-labeled reference chromosomal DNA (2.8 x lo6 cpm) was added to each vial. Following hybridization at 65°C for 18 h with agitation, the membranes were subjected to posthybridization washes in order to remove nonspecifically hybridized sequences. The following buffers were used: wash buffer A (5% [wt/vol] sodium dodecyl sulfate, 40 mM phosphate buffer, pH 7.2,l mM EDTA) and wash buffer B (1% [wt/vol] sodium dodecyl sulfate, 40 mM phosphate buffer, pH 7.2, 1 mM EDTA) with constant agitation (Table  1 ). The nylon membranes were washed and air dried, and the number of radioactive counts per minute was determined with a Tri-Carb liquid scintillation counter (Packard Instrument Co., Inc., Rockville, Md.) in the presence of 5 ml of scintillation fluid.
Serology. Rabbit antiserum to A . colwelliana LST-WT was prepared and tested by using procedures described by Evans (12, 19) ; the antigen was Formalin-killed cells harvested in the early stationary phase of growth. An enzyme-linked immunosorbent assay was used to detect serological relatedness to phenotypically similar species. Briefly, 0.1 ml of Formalin-killed A. colwelliana cells (lo9 cells per ml) was added to microtiter plates (2) , and the preparations were washed three times with phosphate-buffered saline (pH 7.4) at 4°C. The cells were again washed with phosphate-buffered saline (37"C), and dilutions were made in 5% nonfat dry milk in phosphate-buffered saline to reduce nonspecific binding. Horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G (1: 5,000; Cappel Laboratories Science Division, Malvern, Pa.) was added, and the preparations were incubated at 37"C, washed six times with phosphate-buffered saline, and mixed with 2,2-azinobis (3-ethylbenzthiazoline sulfonic acid; Sigma Chemical Co., St. Louis, Mo.). In some assays, primary antibody was absorbed at 4°C for 24 h to Escherichia coli to eliminate nonspecific, low-level crossreactivity.
RESULTS AND DISCUSSION
A . colwelliana LST-WT (= ATCC 39565=) is a gramnegative, aerobic, polarly flagellated rod-shaped organism.
On marine agar 2216, young colonies are circular and 1 m m in diameter and possess convex elevations with undulate margins. After 1 week of incubation, colonies enlarge to 5 mm in diameter with an irregular appearance. Cells are normally 1 to 3 pm long; however, when growing on surfaces or during late growth phases in nutrient-poor media, they become filamentous helices, frequently exceeding 20 p m in length (28) . A . colwelliana adheres to surfaces (28) by producing large quantities of Alcian Blue-complexing polysaccharide (1). It synthesizes melanin (18, 28) . Biochemical reactions of A . colwelliana are listed in Table 2 and by Weiner et al. (28) .
The DNA of A . colwelliana had little homology with DNAs of 12 species of Vibrio (28) (11) and Seliberia (20) and is excluded from Zymonas (23) and Kinglia (22) by being aerobic, motile, and catalase and gelatinase positive. The characteristics of A. colwelliana generally conform to those given in the following description of the genus Alteromonas (4): straight or curved rods, normally 0.7 to 1.5 pm in diameter and 1.8 to 3.0 pm long; chemoorganotrophs capable of respiratory but not fermentative metabolism; require a seawater base for growth; grow at 20°C; common inhabitants of coastal waters; the guanine-plus-cytosine content of the DNA is 38 to 50 mol% (as determined by the thermal denaturation and buoyant density methods); type species, Alteromonas rnacleodii Baumann, Baumann, Mandel and Allen 1972, 418.
The DNA hybridization study indicated a level of DNA-DNA relatedness between A . colwelliana and three Alteromonas species that was significantly lower than that accepted as the phylogenetic definition of a species (14, 25) . In addition, the following combination of properties distinguishes A . colwelliana from the other Alteromonas species by 9 to 29 traits: positive for nitrogen reduction, D-gluconate, fumarate, a-ketoglutarate, and melanin production; negative for growth at 35"C, D-mannose, D-fructose, maltose, N-acetylglucosamine, L-tyrosine, D-glucose, trehalose, acetate, propionate, L-a-alanine , L-serine , and D-galactose (Table 2) .
The symbiosis of A. colwelliana with invertebrates provides one example of the environmental significance of this group of marine bacteria (29) .
The Alteromonas isolate described here was unlike any previously described species (Table 2) (28) . Thus, we propose the new species described below. On marine agar 2216 young colonies are circular and about 1 mm diameter, with convex elevations and undulate margins. After l week of incubation their form becomes irregular, and they enlarge to 5 mm in diameter.
In liquid media, growth produces uniform turbidity without pellicle. In rich media (e.g., brain heart infusion medium containing 3% NaCl [final concentration, 3.5%]), large masses of mucoid flocculates form. On all media, cells adhere to the surface of the growth vessel. In media containing less than 0.5% glucose, A. colwelliana turns the media dark brown during late growth phases.
Amino acids are required for growth; L-aspartic acid and L-glutamic acid together support growth as carbon sources (28) . Yeast extract is growth stimulating.
The temperature range for growth is 8 to 30°C. Most rapid growth occurs at 25°C. The NaCl concentration for optimum growth is 2 to 4% (wtlvol). The NaCl growth range is 1 to 5%. The optimum pH range is 7.4 to 7.8.
Constitutive glucose phosphopyruvate transferase system not detected. Marine broth 2216 and brain heart infusion medium (Difco) become alkaline with growth.
Catalase, gelatinase, amylase, deoxyribonuclease, and phosphatase are produced. Susceptible to 20 mg of rifampin per ml. Autochthonous to estuarine oyster water. Not known to be associated with diseased invertebrates.
The guanine-plus-cytosine content of the DNA is 46 mol%.
The type strain is strain LST-W (= ATCC 39565).
